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(7) ABSTRACT

A direct-acting type diecasting machine having an inexpen-
sive and simplified hydraulic circuit is provided, which
includes: a mold clamping cylinder for clamping and open-
ing/closing a mold in a direct-acting manner; a single
two-way hydraulic pump driven by a driving motor for
supplying hydraulic fluid to the mold clamping cylinder in
two directions; a hydraulic circuit for driving the mold
clamping cylinder by controlling supply of hydraulic fluid
from the two-way hydraulic pump to the mold clamping
cylinder and discharge of hydraulic fluid from the mold
clamping cylinder which proceeds in accordance with move-
ment of a piston of the mold clamping cylinder; and a
hydraulic controller for controlling rotational speed of the
driving motor associated with the two-way hydraulic pump
in opening/closing the mold at high speed and controlling
torque of the driving motor in clamping the mold.
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DIECASTING MACHINE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a diecasting
machine utilizing a hybrid hydraulic circuit.

[0003] 2. Description of the Related Art

[0004] A diecasting machine is an apparatus in which a
piston of an injection cylinder is actuated by hydraulic
pressure to inject and load molten metal fed to a molten
metal loading sleeve into a clamped mold at high speed and,
after pressure maintaining/cooling is performed at high
pressure, the mold is opened to remove the diecast product.
For the operation cycle to be shortened, the opening and
closing of the mold need be performed at high speed. On the
other hand, in mold clamping which applies high pressure to
the mold, a movable mold member need be moved toward
a stationary mold member at low speed for avoiding damage
to the mold, and when the mold members substantially fit
each other, high pressure is applied to clamp the mold.

[0005] For this reason, a prior-art diecasting machine B
employs a toggle mechanism G as a mold clamping device,
as shown in FIG. 3. However, such a toggle mechanism G
is mechanically complicated and often suffers from
mechanical troubles. Further, since the prior-art diecasting
machine has a high parts count, the machine has a disad-
vantage in terms of cost. Although a clamping device of the
direct-acting type is also available, an expensive booster
cylinder need be used to realize the above-described opera-
tion, which also results in an increased cost, as known from
U.S. Pat. No. 4,861,259.

SUMMARY OF THE INVENTION

[0006] The present invention has been conceived in view
of the foregoing prior-art problems. Accordingly, it is an
object of the present invention is to realize an inexpensive
direct-acting mold clamping device with a simple hydraulic
circuit.

[0007] In accordance with a first aspect of the present
invention, there is provided a diecasting machine compris-
ing:

[0008] a mold clamping cylinder for clamping and
opening/closing a mold in a direct-acting manner;

[0009] a single two-way hydraulic pump driven by a
driving motor for supplying hydraulic fluid to the
mold clamping cylinder in two directions;

[0010] a hydraulic circuit for driving the mold clamp-
ing cylinder by controlling supply of hydraulic fluid
from the two-way hydraulic pump to the mold
clamping cylinder and discharge of hydraulic fluid
from the mold clamping cylinder which proceeds in
accordance with movement of a piston of the mold
clamping cylinder; and

[0011] a hydraulic controller for controlling rota-
tional speed of the driving motor associated with the
two-way hydraulic pump in opening/closing the
mold at high speed and controlling torque of the
driving motor in clamping the mold.
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[0012] Inthe diecasting machine of this construction using
the single two-way hydraulic pump, the rotational speed of
the driving motor associated with the two-way hydraulic
pump is controlled in the high-speed mold opening/closing
operation, while the torque of the driving motor is controlled
in the mold clamping operation. Therefore, unlike the prior-
art diecasting machine, the diecasting machine of the present
invention does not need an expensive booster cylinder.

[0013] In accordance with another aspect of the present
invention, there is provided a diecasting machine compris-
ing:

[0014] a mold clamping cylinder for clamping and
opening/closing a mold in a direct-acting manner;

[0015] a plurality of two-way hydraulic pumps con-
nected in parallel with each other and driven by a
driving motor for supplying hydraulic fluid to the
mold clamping cylinder in two directions;

[0016] a hydraulic circuit for driving the mold clamp-
ing cylinder by controlling supply of hydraulic fluid
from the two-way hydraulic pumps to the mold
clamping cylinder and discharge of hydraulic fluid
from the mold clamping cylinder which proceeds in
accordance with movement of a piston of the mold
clamping cylinder; and

[0017] a hydraulic controller for actuating one of the
two-way hydraulic pumps which is larger in capacity
or both of the two-way hydraulic pumps in opening/
closing the mold at high speed and actuating any one
of the two-way hydraulic pumps or one of the
two-way hydraulic pumps which is smaller in capac-
ity in clamping the mold.

[0018] In the diecasting machine of this construction, the
two-way hydraulic pump having a larger capacity or both of
the two-way hydraulic pumps are actuated to supply a large
amount of hydraulic fluid to the mold clamping cylinder in
opening/closing the mold, thereby realizing mold opening/
closing at high speed. On the other hand, in the mold
clamping operation which requires little hydraulic fluid
supply but calls for high pressure, either one of the two-way
hydraulic pumps or the two-way hydraulic pump having a
smaller capacity is actuated under torque control to supply
only a required amount of hydraulic fluid as the need arises.
Such a construction makes it possible to considerably sim-
plify the hydraulic piping and reduce the energy loss.

[0019] In one embodiment, the two two-way hydraulic
pumps are generally equal in capacity.

[0020] In another embodiment, one of the two-way
hydraulic pumps which is driven in opening/closing the
mold at high speed is larger in capacity than the other
two-way hydraulic pump which is not driven in opening/
closing the mold at high speed.

[0021] With the former embodiment, if a maximum dis-
charge rate is necessary, both of the hydraulic pumps are
actuated to deliver hydraulic fluid. Accordingly, the capacity
of each hydraulic pump can be made smaller than in the case
where a single two-way hydraulic pump is used. Thus, this
embodiment is economical in that respect

[0022] With the latter embodiment, one of the two-way
hydraulic pumps which is smaller in capacity can be used in
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clamping the mold and, hence, the power consumption in
clamping the mold can be reduced. Thus, this embodiment
is economical in that respect

[0023] In yet another embodiment, the hydraulic control-
ler is operative to control a discharge rate of the two-way
hydraulic pump or pumps based on hydraulic pressure
information from a hydraulic fluid pipeline situated on a side
toward which the piston is protruding.

[0024] This embodiment is capable of more precise torque
control in clamping the mold.

[0025] Preferably, the driving motor associated with the
two-way hydraulic pump or with each of the two-way
hydraulic pumps driving motor is a servomotor.

[0026] The use of such a servomotor as the driving motor
makes it possible to feedback-control the rotational speed
and the torque freely and accurately, so that the injecting
step, dwelling step and cooling step can be controlled highly
accurately.

[0027] The foregoing and other objects, features and atten-
dant advantages of the present invention will become appar-
ent from the reading of the following detailed description in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a partially sectional view illustrating a
diecasting machine according to a first embodiment of the
present invention;

[0029] FIG. 2 is a partially sectional view illustrating a
diecasting machine according to a second embodiment of
the present invention; and

[0030] FIG. 3 is a partially sectional view illustrating a
prior art diecasting machine.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0031] The present invention will now be described in
detail by way of preferred embodiments thereof with refer-
ence to the accompanying drawings.

[0032] Referring first to FIG. 1, a diecasting machine Al
with a single two-way hydraulic pump 2a according to a first
embodiment generally comprises a stationary platen 22
mounted on a machine base 38, a movable platen 23
disposed in facing relation to the stationary platen 22, a
mount platen 36 to which a mold clamping cylinder 24 is
mounted, a stationary mold member 26 and a movable mold
member 27 respectively mounted to the stationary platen 22
and the movable platen 23, a tie bar 28 bridging between the
stationary platen 22 and the mount platen 36 for guiding the
sliding movement of the movable platen 23, an eject mecha-
nism 29 for ejecting a diecast product out of the movable
mold member 27 when the mold is opened, the above-
described mold clamping cylinder 24, a frame 30 fitted on
the stationary platen 22, a mold sleeve 32 mounted to the
stationary platen 22 for loading molten metal 20 into a mold
cavity 31, an injection cylinder 1 fitted in the frame 30, a
hybrid hydraulic circuit HI including the two-way hydraulic
pump 2a, a driving motor 4a such as a servo motor for
driving the two-way hydraulic pump 2a and the like, a
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hydraulic controller 6a for controlling the hybrid hydraulic
circuit H1, and a machine controller 21.

[0033] The mold sleeve 32 is a cylindrical member having
a molten metal supply port 33 located in the stationary platen
22. The mold sleeve 32 is provided with a molten metal
supply unit 35 for supplying molten metal 20 to the molten
metal supply port 33. The injection cylinder 1 includes a
piston 7 having a tip end provided with a plunger 8. The
plunger 8 slides within the mold sleeve 32 to inject the
molten metal 20 fed to the mold sleeve 32 into the mold
cavity 31 of the mold 25 at high speed.

[0034] The mold 25, which consists of the stationary mold
member 26 and the movable mold member 27, defines
therein the mold cavity 31 having a predetermined configu-
ration and communicating with the mold sleeve 32.

[0035] The mold clamping cylinder 24 includes a cylinder
rod 37 fixed to the movable platen 23, so that the movable
platen slides along the tie bar 28 in accordance with the
operation of the mold clamping cylinder 34 to clamp and
open/close the mold. The eject mechanism 29, which is
mounted to the movable platen 23, includes eject pins 34
extending through the movable platen 23 to protrude into
and retract from the mold cavity 31.

[0036] Next, the hybrid hydraulic circuit H1 for actuating
the mold clamping cylinder 24 will be described. The mold
clamping cylinder 24 defines therein a piston-protruding-
side hydraulic fluid chamber 18 connected to a piston-
protruding-side hydraulic fluid pipeline 10a for fluid com-
munication and a piston-retracting-side hydraulic fluid
chamber 19 connected to a piston-retracting-side hydraulic
fluid pipeline 11 a for fluid communication. The two-way
hydraulic pump 24 interconnects the piston-protruding-side
hydraulic fluid pipeline 10a and piston-retracting-side
hydraulic fluid pipeline 11a for fluid communication.

[0037] The two-way hydraulic pump 2a is connected to
the driving motor 4a which is servo controlled so that
hydraulic fluid of an optimum amount or pressure is sup-
plied to the mold clamping cylinder 24 in accordance with
the sequence, whereby highly precise mold opening/closing
at high speed and mold clamping at high torque can be
realized. It is to be noted that the two-way hydraulic pump
2a can discharge hydraulic fluid in two directions, i.e.
toward the piston-protruding-side hydraulic fluid pipeline
10a and toward the piston-retracting-side hydraulic fluid
pipeline 11a.

[0038] The piston-protruding-side hydraulic fluid pipeline
10a and the piston-retracting-side hydraulic fluid pipeline
11a are connected to each other via a common pipeline 13a
for fluid communication. The common pipeline 13a is
connected to a tank pipeline 14a for returning hydraulic fluid
to a hydraulic fluid tank 15a when the amount of hydraulic
fluid in the common pipeline 13a is excessive and for
sucking hydraulic fluid from the hydraulic fluid tank 154
when the amount of hydraulic fluid in the common pipeline
134 is insufficient. The common pipeline 13a is provided
with a check/one-way valve 164 at a portion 134l located
adjacent the piston-protruding-side hydraulic fluid pipeline
10a and with a check valve 17a at a portion 1342 located
adjacent the piston-retracting-side hydraulic fluid pipeline
11a for preventing hydraulic fluid from returning toward the
tank pipeline 14a.
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[0039] The check/one-way valve 16a is provided with a
solenoid S and a spring T, which act to switch the check/
one-way valve 16a between a state which allows hydraulic
fluid to be sucked from the hydraulic fluid tank 154 and fed
to the piston-protruding-side hydraulic fluid chamber 18 (in
which state hydraulic fluid does not flow reversely) and a
state which allows hydraulic fluid discharged from the
piston-protruding-side hydraulic fluid chamber 18 to be
returned to the hydraulic fluid tank 15a.

[0040] Between the mold clamping cylinder 24 and the
two-way hydraulic pump 24 is provided a pressure gauge P
which constantly measures the pressure in the piston-pro-
truding-side hydraulic fluid pipeline 10a. Based on the value
of pressure thus measured, the driving motor 44 is servo-
controlled by the controller 6a.

[0041] Next, description is directed to the operation of the
first embodiment Al. A series of operations of the mold
consists of a mold-closing operation for moving the movable
mold member 27 to a position just before the stationary mold
member 26 at high speed, a clamping operation, which
follows the mold-closing operation, for pressing the mov-
able mold member 27 against the stationary mold member
26 with a predetermined pressure to clamp the mold until
injection of molten metal 20 into the mold cavity 31 and the
subsequent dwelling and cooling are completed, and a
mold-opening operation for removing the diecast product
cooled and solidified.

[0042] Since no pressing force is exerted on the mold 25
during the mold-closing operation and the mold-opening
operation, it is desirable that the movable mold member be
moved at high speed in order to shorten the cycle. Therefore,
the two-way hydraulic pump 24 is operated under rotational
speed control in the mold-closing operation and the mold-
opening operation which require a large amount of hydraulic
fluid. In the clamping operation which requires not a large
amount of hydraulic fluid but a high pressure, on the other
hand, the two-way hydraulic pump 2a is operated under
torque control. The operation of the first embodiment Al
will be specifically described step by step.

[0043] In the mold-closing operation for moving the mov-
able mold member 27 from a mold-open position to a
position just before the stationary mold member 26, the
driving motor 4a is operated under rotational speed control
to cause the two-way hydraulic pump 2a to discharge a large
amount of hydraulic fluid to the piston-protruding-side
hydraulic fluid pipeline 10g. Hydraulic fluid discharged
from the two-way hydraulic pump 2a in the forward direc-
tion flows into the piston-protruding-side hydraulic fluid
chamber 18 of the mold clamping cylinder 24, causing the
piston 39 to protrude. At that time, hydraulic fluid partially
flows toward the check/one-way valve 16a of the hydraulic
fluid tank 15. However, since the solenoid S of the check/
one-way valve 16a is not actuated at this stage, hydraulic
fluid is stopped at a check valve position 16i of the check/
one-way valve 16a so as not to flow into the hydraulic fluid
tank 154. As a result, the hydraulic fluid discharged from the
two-way hydraulic pump 2a is wholly fed to the piston-
protruding-side hydraulic fluid chamber 18.

[0044] In accordance with this operation, the piston 39
advances to push hydraulic fluid out of the piston-retracting-
side hydraulic fluid chamber 19, and the hydraulic fluid thus
discharged is wholly fed to the two-way hydraulic pump 2a.
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However, since the piston-protruding-side hydraulic fluid
chamber 18 of the mold clamping cylinder 24 is larger in
capacity than the piston-retracting-side hydraulic fluid
chamber 19, the shortage is made up for by just a required
amount of hydraulic fluid sucked from the hydraulic fluid
tank 15a to the two-way hydraulic pump 2a through the
check valve 17a.

[0045] As a result, a large amount of hydraulic fluid flows
into the piston-protruding-side hydraulic fluid chamber 18,
causing the piston 39 to protrude at high speed. Since the
cylinder rod 37 connected to the piston 39 is fixed to the
movable platen 23, the movable mold member 27 mounted
to the movable platen 23 moves toward the stationary mold
member 26 at high speed.

[0046] When the movable mold member comes to a
position just short of contacting the stationary mold member
26, control over the driving motor 4a is switched from the
rotational speed control to the torque control. The switching
is made through detection of the position of the movable
mold member 27. After switching, the process proceeds to
the mold clamping operation at high pressure.

[0047] Meanwhile, the rotation of the driving motor 4a is
servo-controlled so that the movable mold member 27
moves slowly to come into contact with the stationary mold
member 26 without shock. When the movable mold member
27 comes into contact with the stationary mold member 26,
the torque control is performed to continue pressurization
for clamping the mold at a predetermined pressing force.

[0048] When the clamping is completed, the injection
cylinder 1 is actuated to advance the piston 7 so that the
plunger 8 attached to the tip end of the piston 7 advances. As
a result, molten metal 20 in the mold sleeve 32 is loaded into
the mold cavity 31 by injection.

[0049] When the injection/loading of molten metal is
completed, the process proceeds to the dwelling/cooling
step. In this step, a small amount of high-pressure hydraulic
fluid is supplied to the injection cylinder 1 to maintain the
high-pressure state, and a small amount of molten metal 20
is additionally supplied into the mold cavity 31 as the
volume of the loaded molten metal decreases due to cooling.

[0050] When the molten metal loaded in the mold cavity
31 is solidified, the cooling step is finished. Subsequently,
the piston 39 of the mold clamping cylinder 24 is returned
to open the mold. In this case, the two-way hydraulic pump
2a is switched from the torque control back to the rotational
speed control so that hydraulic fluid is supplied to the
piston-retracting-side hydraulic fluid chamber 19a through
the piston-retracting-side hydraulic fluid pipeline 11a. In
reaction to thereto, the piston 39 moves in the returning
direction while discharging hydraulic fluid to the piston-
protruding-side hydraulic fluid pipeline 10a. At that time,
the valve position of the check/one-way valve 164 has been
switched into the one-way valve position 167 by the action
of the solenoid S, so that most part of the hydraulic fluid
discharged to the piston-protruding-side hydraulic fluid
pipeline 10a is supplied to the two-way hydraulic pump 24,
while at the same time, the difference in fluid amount
between the piston-retracting-side hydraulic fluid chamber
19 and the piston-protruding-side hydraulic fluid chamber
18 is returned to the hydraulic fluid tank 15a through the
one-way valve position 167
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[0051] Although part of the hydraulic fluid discharged
from the two-way hydraulic pump 2a to the piston-retract-
ing-side hydraulic fluid pipeline 11a flows toward the
hydraulic fluid tank 15a, the check valve 17a blocks this
flow and prevents this part of the hydraulic fluid from
flowing into the hydraulic fluid tank 154. In this way,
diecasting is performed using the sole two-way hydraulic
pump 2a.

[0052] In the mold-opening operation, the solidified
diecast product adhering to the movable mold member 27 is
moved along with the movable mold member 27. Finally,
the eject mechanism 29 is actuated to cause the eject pin 34
to protrude so that the solidified diecast product is released
from the movable mold member 27 for collection.

[0053] With reference to FIG. 2, description will be made
of a second embodiment A2 employing two two-way
hydraulic pumps 2 and 3. For easy description, features
which are different from those of the first embodiment will
be described mainly.

[0054] The construction of the second embodiment A2 is
generally identical to that of the first embodiment Al but
slightly differs in the structure of the hybrid hydraulic circuit
H2 because of the use of two two-way hydraulic pumps. The
two two-way hydraulic pumps to be used have their respec-
tive capacities which may be equal to or different from each
other. Description is first directed to the case where the
pumps have different capacities.

[0055] In the hybrid hydraulic circuit H2 of the second
embodiment A2, a mold clamping cylinder 4 defines therein
a piston-protruding-side hydraulic fluid chamber 18 con-
nected to a piston-protruding-side hydraulic fluid pipeline 10
for fluid communication, and a piston-retracting-side
hydraulic fluid chamber 19 connected to a piston-retracting-
side hydraulic fluid pipeline 11 for fluid communication.
Between the piston-protruding-side hydraulic fluid pipeline
10 and the piston-retracting-side hydraulic fluid pipeline 11
are provided a larger-capacity two-way hydraulic pump 2
and a smaller-capacity two-way hydraulic pump 3, which
are connected in parallel. In this embodiment, the larger-
capacity two-way hydraulic pump 2 for high-speed injection
is disposed on the side closer to the mold clamping cylinder
24, whereas the smaller-capacity two-way hydraulic pump 3
disposed on the side away from the mold clamping cylinder
24. Between the larger-capacity two-way hydraulic pump 2
and the piston-protruding-side hydraulic fluid pipeline 10 is
disposed a check/one-way valve 12.

[0056] The check/one-way valve 12 (as well as the check/
one-way valve 16 which will be described later) assumes a
check valve position 12 (167 in the case of the check/one-
way valve 16) when the solenoid S is not actuated with the
spring T is acting. In this state, hydraulic fluid flowing in the
forward direction (i.e. from the larger-capacity two-way
hydraulic pump 2 toward the piston-protruding-side hydrau-
lic fluid pipeline 10 or from hydraulic fluid tank 15 toward
the piston-protruding-side hydraulic fluid pipeline 10 in this
case) is allowed to pass through the check/one-way valve 12,
but hydraulic fluid flowing in the reverse direction (i.e. from
the piston-protruding-side hydraulic fluid pipeline 10 toward
the large-capacity two-way hydraulic pump 2 or from the
piston-protruding-side hydraulic fluid pipeline 10 toward the
hydraulic fluid tank 15) is prevented from passing through
the check/one-way valve 12. When the solenoid S is actu-
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ated to switch the valve 12 into a one-way valve position 127
(167 in the case of the check/one-way valve 16), hydraulic
fluid flowing from the side opposite to the check valve
position 12 (or 16f) (i.e. from the piston-protruding-side
hydraulic fluid pipeline 10 toward the large-capacity two-
way hydraulic pump 2 or toward the hydraulic fluid tank 15)
is allowed to pass through the check/one-way valve 12.

[0057] Between the smaller-capacity two-way hydraulic
pump 3 and the piston-protruding-side hydraulic fluid pipe-
line 10 is provided a check valve 9 which allows forward
flow of hydraulic fluid from the smaller-capacity two-way
hydraulic pump 3 but blocks reverse flow of the hydraulic
fluid.

[0058] The two-way hydraulic pumps 2 and 3 are respec-
tively connected to the driving motors 4 and 5 which are
servo-controlled so that hydraulic fluid of an optimum
amount or pressure is supplied to the mold clamping cylin-
der 24 in accordance with the sequence, whereby highly
precise mold opening/closing at high speed (under rotational
speed control) and mold clamping (under torque control) can
be realized. It is to be noted that the two-way hydraulic
pumps 2 and 3 can discharge hydraulic fluid in two direc-
tions, i.e. toward the direction of the piston-protruding-side
hydraulic fluid pipeline 10 and toward the piston-retracting-
side hydraulic fluid pipeline 11, similarly as in the first
embodiment.

[0059] The piston-protruding-side hydraulic fluid pipeline
10 and the piston-retracting-side hydraulic fluid pipeline 11
are connected to each other via a common pipeline 13 for
fluid communication. The common pipeline 13 is connected
to a tank pipeline 14 for returning hydraulic fluid to the
hydraulic fluid tank 15 when the amount of hydraulic fluid
in the common pipeline 13 is excessive and for sucking
hydraulic fluid from the hydraulic fluid tank 15 when the
amount of hydraulic fluid in the common pipeline 13 is
insufficient. The common pipeline 13 is provided with a
check/one-way valve 16 at a portion 134l located adjacent
the piston-protruding-side hydraulic fluid pipeline 10 and
between the tank pipeline 14 and the piston-protruding-side
hydraulic fluid pipeline 10 and with a check valve 17 at a
portion 1342 located adjacent the piston-retracting-side
hydraulic fluid pipeline 11a for preventing hydraulic fluid
from returning toward the tank pipeline 14.

[0060] Similarly to the first embodiment, between the
mold clamping cylinder 24 and the larger-capacity two-way
hydraulic pump 2 is provided a pressure gauge P which
constantly measures the pressure in the piston-protruding-
side hydraulic fluid pipeline 10. Based on the value of
pressure thus measured, the controller 6 servo-controls the
switching between the driving motors 4 and 5, rotational
speed control and torque control.

[0061] The operation of the second embodiment A2 is as
follows. Firstly, the mold clamping cylinder 24 is actuated to
move the movable platen 23 mounting the movable mold
member 27 from the mold-open position at high speed to
close the mold. At that time, the driving motor 4 is actuated
under rotational speed control to cause the larger-capacity
two-way hydraulic pump 2 to perform a high discharge rate
operation because a large amount of hydraulic fluid need be
discharged. The large amount of hydraulic fluid discharged
from the larger-capacity two-way hydraulic pump 2 in the
forward direction flows through the check valve position 12§
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into the piston-protruding-side hydraulic fluid chamber 18 of
the mold clamping cylinder 24 to cause the piston 39 to
protrude. At that time, part of the hydraulic fluid flows
toward the check/one-way valve 16 on the hydraulic fluid
tank 15 side. However, since the solenoid S of the check/
one-way valve 16 is not actuated at this stage, the hydraulic
fluid is stopped at the check valve position 16i of the
check/one-way valve 16 so as not to flow into the hydraulic
fluid tank 15. Similarly, although part of the hydraulic fluid
flows in the reverse direction toward the smaller-capacity
two-way hydraulic pump 3, the check valve 9 blocks the
hydraulic fluid so as not to flow into smaller-capacity
two-way hydraulic pump 3. As a result, the hydraulic fluid
is wholly supplied to the piston-protruding-side hydraulic
fluid chamber 18.

[0062] In accordance with this operation, the piston 39
advances to push hydraulic fluid out of the piston-retracting-
side hydraulic fluid chamber 19, and the hydraulic fluid thus
pushed out is wholly supplied to the larger-capacity two-way
hydraulic pump 2. As in the first embodiment, the piston-
protruding-side hydraulic fluid chamber 18 of the mold
clamping cylinder 24 is larger in capacity than the piston-
retracting-side hydraulic fluid chamber 19. Therefore, the
shortage is made up for by just a required amount of
hydraulic fluid sucked from the hydraulic fluid tank 15
through the check valve 17 for supply to the larger-amount
two-way hydraulic pump 2.

[0063] As aresult, similarly as in the first embodiment Al,
a large amount of hydraulic fluid flows into the piston-
protruding-side hydraulic fluid chamber 18, causing the
piston 39 to protrude at high speed. Since the cylinder rod
37 attached to the tip end of the piston 39 is fixed to the
movable platen 23, the movable mold member 27 mounted
to the movable platen 23 moves toward the stationary mold
member 26 at high speed.

[0064] When the movable mold member 27 comes to a
position just short of contacting the stationary mold member
26, the driving motor 4 is stopped to stop the supply of
hydraulic fluid from the larger-capacity two-way hydraulic
pump 2. Then, the driving motor 5 is operated under torque
control to cause the smaller-capacity two-way hydraulic
pump 3 to discharge hydraulic fluid for clamping the mold
by a predetermined clamping force. The switching from the
driving motor 4 to the driving motor 5 is achieved through
detection of the position of the movable mold member 27.
When the switching is completed, the process proceeds to
the mold clamping operation at high pressure, as described
before.

[0065] Meanwhile, the rotation of the driving motor 4 is
servo-controlled so that the movable mold member 27
moves slowly to come into contact with the stationary mold
member 26 without shock. When the movable mold member
27 comes into contact with the stationary mold member 26,
torque control is performed to continue pressurization for
clamping the mold at a predetermined pressing force. The
manner of hydraulic fluid supply/discharge in relation to the
smaller-capacity two-way hydraulic pump 3 is the same as
that of hydraulic fluid supply/discharge in relation to the
larger-capacity two-way hydraulic pump 2.

[0066] When the clamping is completed, the injection
cylinder 1 is actuated to advance the piston 7 so that the
plunger 8 attached to the tip end of the piston 7 advances. As
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a result, molten metal 20 in the mold sleeve 32 is loaded into
the mold cavity 31 by injection.

[0067] When the loading of molten metal is completed,
the process proceeds to the dwelling/cooling step. In this
step, a small amount of high-pressure hydraulic fluid is
supplied to the injection cylinder 1 to maintain the high-
pressure state, while a small amount of molten metal 20 is
supplied into the mold cavity 31 as the volume of the loaded
molten metal decreases due to cooling.

[0068] When the molten metal loaded in the mold cavity
31 is solidified, the cooling step is finished. Subsequently,
the piston 39 of the mold clamping cylinder 24 is returned
to open the mold. In that case, the mold clamping operation
by the smaller-capacity two-way hydraulic pump 3 shifts to
the high-speed mold opening operation by the larger-capac-
ity two-way hydraulic pump 2 in which a large amount of
hydraulic fluid is discharged from the larger-capacity two-
way hydraulic pump 2 and supplied to the piston-retracting-
side hydraulic fluid chamber 19 through the piston-retract-
ing-side hydraulic fluid pipeline 11. In reaction thereto, the
piston 39 moves in the returning direction so that hydraulic
fluid is discharged from the piston-protruding-side hydraulic
fluid chamber 18 to the piston-protruding-side hydraulic
fluid pipeline 10. At that time, by the actions of the solenoids
S, the positions of the check/one-way valves 12 and 16 have
been switched into their respective one-way valve positions
127 and 16r Therefore, most part of the hydraulic fluid
discharged to the piston-protruding-side hydraulic fluid
pipeline 10 is supplied to the two-way hydraulic pump 2a
through the one-way valve position 125, while at the same
time, the difference in fluid amount between the piston-
retracting-side hydraulic fluid chamber 19 and the piston-
protruding-side hydraulic fluid chamber 18 is returned to the
hydraulic fluid tank 15 through the one-way valve position
16r.

[0069] Although part of the hydraulic fluid discharged
from the larger-capacity two-way hydraulic pump 2 to the
piston-retracting-side hydraulic fluid pipeline 11 flows
toward the hydraulic fluid tank 15, the check valve 17 blocks
this flow and prevents this part of the hydraulic fluid from
flowing into the hydraulic fluid tank 15. In this way, diecast-
ing is performed using two two-way hydraulic pumps 2 and

[0070] In the mold opening operation, the solidified
diecast product adhering to the movable mold member 27
moves together with the movable mold member 27. Finally,
the eject mechanism 29 is actuated to cause the eject pin 34
to protrude so that the solidified diecast product is released
from the movable mold member 27 for collection.

[0071] In the above-described high-speed mold opening
operation, both of the driving motors 4 and 5 may be
actuated to actuate the larger-capacity two-way hydraulic
pump 2 and the smaller-capacity two-way hydraulic pump 3
so that a much larger amount of hydraulic fluid is discharged
from the larger-capacity two-way hydraulic pump 2 and the
smaller-capacity two-way hydraulic pump 3. In this case, the
maximum discharge rate is the sum of the discharge rate of
the larger-capacity two-way hydraulic pump 2 and that of
the smaller-capacity two-way hydraulic pump 3. Therefore,
the capacity of the larger-capacity two-way hydraulic pump
2 can be reduced by a value as large as the capacity of the
smaller-capacity two-way hydraulic pump 3. In this case, the
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two-way hydraulic pumps 2 and 3 may have equal capacity.
In clamping the mold, the smaller-capacity two-way hydrau-
lic pump 3 is used.

[0072] As has been described above, the diecasting
machine using a single two-way hydraulic pump according
to the present invention is constructed such that the rota-
tional speed of the driving motor associated with the two-
way hydraulic pump is controlled in the high-speed mold
opening/closing operation, whereas the torque of the driving
motor is controlled in the mold clamping operation. There-
fore, unlike the prior art, the diecasting machine does not
need an accumulator or an expensive booster cylinder.
Therefore, the diecasting machine can have piping of a very
simplified structure, save hydraulic fluid to be used, and
enhance the injection accuracy.

[0073] The diecasting machine using a plurality of (two)
two-way hydraulic pumps according to the present invention
is capable of actuating both of the hydraulic pumps simul-
taneously under rotational speed control to discharge a large
amount of hydraulic fluid or actuating only the larger-
capacity hydraulic pump to supply a required amount of
hydraulic fluid in the high-speed mold opening/closing
operation. In the mold clamping operation, either one of the
two-way hydraulic pumps or the smaller-capacity two-way
hydraulic pumps is operated under torque control to con-
tinue the required clamping. Also in this case, such an
accumulator or an expensive booster cylinder as required in
the prior art is unnecessary. Therefore, the diecasting
machine can have piping of a very simplified structure, save
hydraulic fluid to be used, and enhance the injection accu-
racy. Further, since the two-way hydraulic pump used in the
mold clamping operation has a smaller capacity than the
other, the diecasting machine can save energy accordingly
and realize considerable energy loss reduction.

[0074] Moreover, the use of a servomotor as the driving
motor for each two-way hydraulic pump makes it possible to
feedback-control the rotational speed and the torque freely
and accurately, so that the injecting step, dwelling step and
cooling step can be controlled highly accurately.

[0075] While only certain presently preferred embodi-
ments of the present invention have been described in detail,
as will be apparent for those skilled in the art, certain
changes and modifications may be made in embodiments
without departing from the spirit and scope of the present
invention as defined by the following claims.

What is claimed is:
1. A diecasting machine comprising:

a mold clamping cylinder for clamping and opening/
closing a mold in a direct-acting manner;

a single two-way hydraulic pump driven by a driving
motor for supplying hydraulic fluid to the mold clamp-
ing cylinder in two directions;

a hydraulic circuit for driving the mold clamping cylinder
by controlling supply of hydraulic fluid from the two-
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way hydraulic pump to the mold clamping cylinder and
discharge of hydraulic fluid from the mold clamping
cylinder which proceeds in accordance with movement
of a piston of the mold clamping cylinder; and

a hydraulic controller for controlling rotational speed of
the driving motor associated with the two-way hydrau-
lic pump in opening/closing the mold at high speed and
controlling torque of the driving motor in clamping the
mold.

2. A diecasting machine comprising:

a mold clamping cylinder for clamping and opening/
closing a mold in a direct-acting manner;

a plurality of two-way hydraulic pumps connected in
parallel with each other and driven by respective driv-
ing motors for supplying hydraulic fluid to the mold
clamping cylinder in two directions;

a hydraulic circuit for driving the mold clamping cylinder
by controlling supply of hydraulic fluid from the two-
way hydraulic pumps to the mold clamping cylinder
and discharge of hydraulic fluid from the mold clamp-
ing cylinder which proceeds in accordance with move-
ment of a piston of the mold clamping cylinder; and

a hydraulic controller for actuating one of the two-way
hydraulic pumps which is larger in capacity or both of
the two-way hydraulic pumps in opening/closing the
mold at high speed and actuating any one of the
two-way hydraulic pumps or one of the two-way
hydraulic pumps which is smaller in capacity in clamp-
ing the mold.

3. The diecasting machine according to claim 2, wherein
the two two-way hydraulic pumps are generally equal in
capacity.

4. The diecasting machine according to claim 2, wherein
one of the two-way hydraulic pumps which is driven in
opening/closing the mold at high speed is larger in capacity
than the other two-way hydraulic pump which is not driven
in opening/closing the mold at high speed.

5. The diecasting machine according to claim 1, wherein
the hydraulic controller is operative to control a discharge
rate of the two-way hydraulic pump based on hydraulic
pressure information from a hydraulic fluid pipeline situated
on a side toward which the piston is protruding.

6. The diecasting machine according to claim 2, wherein
the hydraulic controller is operative to control a discharge
rate of each of the two-way hydraulic pumps based on
hydraulic pressure information from a hydraulic fluid pipe-
line situated on a side toward which the piston is protruding.

7. The diecasting machine according to claim 1, wherein
the driving motor associated with the two-way hydraulic
pump is a servomotor.

8. The diecasting machine according to claim 2, wherein
the driving motors associated with the respective two-way
hydraulic pumps are each a servomotor.
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